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Abstract 
In birds, when a stressor is encountered, the hypothalamo-pitiutary-adrenal (HPA) axis is 
activated to produce the corticosteroid, corticosterone. The production of this hormone incites 
a flight or fight response in order to best avoid long-term damage from the stressor. However, 
prolonged or repeated exposure to high levels of corticosterone can have damaging 
behavioural and physiological effects. For this reason, high levels of the hormone should be 
avoided where possible in developing chicks. Chicks of altricial species in particular, seldom 
hatch with a highly functioning HPA axis so as to avoid these detrimental effects while their 
parents are still protecting them from major stressors such as predators, adverse weather and 
low food availability. Previously, studies have mapped the development of the HPA axis in a 
range of species or studied the effects of stress from a young age on future behavioural or 
physiological responses. This current study aimed to not only describe any adverse effects 
observed as a result of increased encounters with stressors but also track the development of 
the HPA axis in kororā (little penguin, Eudyptula minor) chicks.  
Kororā chicks from the Oamaru Blue Penguin Colony were selected from both available sites 
and grouped based on their age at the time of sampling, 2 weeks old, 4 weeks old and 6 
weeks old and a further two groups were formed for chicks that were handled twice a week 
from 2 weeks of age until 4 weeks or 6 weeks at which point they were sampled. Blood 
sampling and handling and capture stress responses were done following a modified standard 
protocol of a blood sample at 0 mins, 15 mins and 30 mins at which point they were returned 
to their nest to avoid over or under heating depending on the age and weather. The chicks 
being exposed to frequent human interactions were weighed twice a week and also had their 
flipper length and beak width, length and depth measured to graph the growth rates and body 
condition indices which has never previously been done in penguin chicks. It was found that 
frequent interactions with people did not have a significant effect on the stress responses 
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when comparing previously handled chicks with unhandled chicks of the same age and that 
the previously handled chicks developed their adult-like stress response at a similar age to 
those that had not been previously handled. With regards to body condition indices and 
growth rates, this study showed that the parents leave the nest just after body condition 
indices drop to the low point in the chicks’ development. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iii 
 
Acknowledgements – Ehara taku toa i te toa takitahi. Engari taku to he toa takitini. 
My thesis and all my successes along the way are dedicated to those who will never get to see 
them, including my big brother, Liam and my good friend Hayley, I hope I would have made 
you proud. 
 
Firstly, I would like to thank my supervisor John Cockrem and my co-supervisor, Murray 
Potter as well as Philippa Agnew of the Oamaru Blue Penguin Colony. Without your vast 
amounts of knowledge on penguins, theses and studying in general, I would have never been 
able to go ahead with my project or my Master’s degree. I also thank Jane for doing all of my 
radioimmunoassays for me, as I know this project would have taken a lot longer had I been 
trusted to do them myself. 
 
Tuarua, ngā mihi kia koe, Atarau. Kāore kei au te hiringa, a te manawanui kia whakaoti i taku 
mahi. Kei hea ahau i tēnei rā, mehemea kāore ake koe e whakamahara i ahau i ngā wā katoa, 
ngā he iti hau marangai e tū pāhokahoka. Ko te mea nui, e tautoko ana, e whakaako ahau, kia 
whāia te iti kahurangi, ki te tuohu au me he maunga teitei. E mutunga kore ana taku aroha ki 
a koe.  
 
A huge thank you to my younger brother Alex, for being an ear when I need to talk, a 
shoulder when I need to cry and a good time when I need to laugh. To my mum, for being 
such a strong and independent woman, showing me at a young age how to do university right 
and be such a wonderful idol and to Steve for coming along and supporting her in her 
passions. Thank you to my dad, Deb and little Alex, you have all been such a great support 
with my university work as well as helping me through some rough times professionally. A 
further thanks to my extended family for being super supportive in listening to me ramble on 
iv 
 
about what I’m studying, for your constant love and support and having all conservation 
based questions, animal videos and wildlife anecdotes ready for whenever I manage to come 
and visit. I would also like to thank the families I have been so warmly welcomed into, the 
Hamiltons and the Fullers with special mention to Jody for inviting me into your home at any 
given opportunity and for the many no-judgement conversations as well as all the incredibly 
inspiring things you do. 
 
Gracias, merci and ɛʋχαριστώ to my amazing flatmates, Nikki and Jo who have been with me 
since day one of our undergraduate degrees, through our graduation and through every 
deadline we set and missed for our assignments and theses. Thanks for the late nights, early 
mornings, the proofreading, the trips to the hospital, the cooked dinners and cleaned house, 
kia ora for all the language learning based procrastination, the walks to the supermarket, the 
late-night cravings and all the movies. Kia kaha kōrua kōtiro, there is no way I could have 
made it through with a shred of my sanity without you both. A big thank you also goes to 
Maddison, Maddi, Taylor, Ellen, Rae, Erica and all my other friends from back home for 
being there for the lowest of the lows and the highest of the highs from way back when. I 
greatly appreciated the support over the 6 weeks of tent life in Port Waikato with Anna and 
Clara while I finished writing my thesis and the lack of complaining even though my stuff 
spread out across half the tent. Thanks to Kelly, Rachel and Henry for being my colleagues in 
the field, my advisors for assignments and most importantly my friends. I greatly appreciated 
all the help you guys provided in both my fieldwork and my written work as well as the many 
laughs on cold days in Oamaru. 
 
I would also like to thank Michelle, Rosa and Karla for helping me through the absolute 
biggest hurdle I have and probably will ever have to overcome on my darkest days. Without 
v 
 
you three, I, without a doubt, would have never made it to undergrad let alone postgrad and 
not a day goes by that I am not grateful for everything you three did for me. 
 
I greatly appreciated the financial and moral support provided by the Graduate Women 
Manawatu Trust in the form of a scholarship. The financial support of my project and my 
attendance at the Birds NZ conference 2016 from Massey University’s Institute of 
Veterinary, Animal and Biomedical Sciences was also greatly appreciated. Finally, I would 
like to thank the many kororā and their chicks that provided their time, blood and stress 
responses to make all of this possible, even if it was unwillingly.  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
vi 
 
Table of contents 
 
Abstract ....................................................................................................................................... i 
Acknowledgements .................................................................................................................. iii 
Table of contents ....................................................................................................................... vi 
1.  General introduction ............................................................................................................. 8 
1.1 Introduction ................................................................................................................................... 8 
1.2 Stress ............................................................................................................................................. 8 
1.2.1 Definition of stress ................................................................................................................. 8 
1.2.2 Types of external stressors and how to measure stress .......................................................... 9 
1.2.3 Emergency life history stages ................................................................................................ 9 
1.3 The hypothalamo-pituitary-adrenal (HPA) axis in birds ............................................................ 12 
1.3.1 Components ......................................................................................................................... 12 
1.3.2 Corticosterone ...................................................................................................................... 13 
1.3.3 Function ............................................................................................................................... 13 
1.4 Development of the hypothalamo-pituitary-adrenal axis in chicks ............................................ 14 
1.4.1 Prenatal development ........................................................................................................... 14 
1.4.2. Postnatal development ........................................................................................................ 17 
1.5 Costs and benefits of elevated corticosterone concentrations ..................................................... 23 
1.5.1 Effects of acute elevation ..................................................................................................... 23 
1.5.2 Effects of chronic elevation ................................................................................................. 27 
1.6 Corticosterone responses of chicks ............................................................................................. 31 
1.6.1 Stimuli .................................................................................................................................. 36 
1.6.2 Corticosterone responses ...................................................................................................... 36 
1.6.3 Behavioural and other responses .......................................................................................... 39 
1.6.4 Treatment with corticosterone or with ACTH ..................................................................... 40 
1.7. Conclusion ................................................................................................................................. 41 
1.8 Outline of thesis .......................................................................................................................... 42 
2. Results .................................................................................................................................. 43 
2.1. Introduction ................................................................................................................................ 43 
2.2. Materials and methods ............................................................................................................... 45 
2.2.1. Study site and sample collection ......................................................................................... 45 
2.2.2 Radioimmunoassay of corticosterone .................................................................................. 47 
2.2.3. Statistics .............................................................................................................................. 48 
2.3. Results ........................................................................................................................................ 49 
vii 
 
2.3.1 Corticosterone concentrations in initial samples .................................................................. 49 
2.3.2 Development of corticosterone responses in relation to age ................................................ 52 
2.3.3 Corticosterone responses in relation to regular handling ..................................................... 54 
2.3.4 Integrated corticosterone responses in relation to age and previous handling experience ... 56 
2.3.5 Relationships between body mass, handling and corticosterone responses ......................... 56 
2.3.6 Corticosterone responses and fledging body masses at two kororā colonies at Oamaru ..... 59 
2.3.7 Body mass, body dimensions, and body condition index .................................................... 64 
2.4. Discussion .................................................................................................................................. 69 
2.4.1. Initial plasma corticosterone and sample collection times .................................................. 70 
2.4.2 Development of corticosterone responses in kororā chicks ................................................. 71 
2.4.3 Effect of twice weekly handling on corticosterone responses ............................................. 72 
2.4.4 Integrated corticosterone responses ..................................................................................... 74 
2.4.5 Body mass and fledging weight in relation to corticosterone responses .............................. 74 
2.4.6 Chick mass and corticosterone responses at two Oamaru kororā colonies .......................... 76 
2.4.7 Growth in kororā chicks ....................................................................................................... 76 
2.5. Conclusions ................................................................................................................................ 77 
3. General Discussion .............................................................................................................. 79 
3.1. Introduction ................................................................................................................................ 79 
3.2. Major conclusions ...................................................................................................................... 81 
3.3. Future studies ............................................................................................................................. 83 
References ................................................................................................................................ 84 
 
